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ABSTRACT

I=E ot ale Tple KOJe] [T High doses of ascorbic acid were investigated for their effect
on the expression of major necroptosis pathway genes in HT-29 colon cancer cells.

e Y ETERE: HT-29 cells were cultured in DMEM-HG medium supplemented
with 10% FBS and 1% Pen/Strep and incubated at 37°C with 5% CO2. After reaching 90%
density, the cells were trypsinized and cultured in triplicate in 12-well culture plates at a
concentration of 30,000 cells per well. The cells were divided into two groups: a control
group receiving only basal culture medium and a test group that received 5 mM ascorbic acid
for 3 h. After 24 h, the cell supernatant and the cell pellet were collected for further analysis.
LDH activity was assessed using a kinetic assay, and the proportions of apoptosis and
necrosis were calculated by flow cytometry. Gene expression analysis was performed using
real-time PCR. Statistical analysis was performed using GraphPad Prism software version 8,
with comparisons performed using a t-test.

M Microscopic images and flow cytometry results confirmed the induction of
necroptosis by ascorbic acid. In addition, ascorbic acid treatment significantly increased key

necroptosis gene expression and LDH activity.
m High doses of ascorbic acid activate necroptosis in HT-29 cells.
A Ascorbic acid, Necroptosis, Colon cancer, HT29 cell line.
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Introduction

olorectal cancer (CRC) represents one of
the most common malignancies and a
leading cause of cancer-related mortality
worldwide. Apoptosis may be considered
the principal mechanism of elimination of the
transformed cells. However, there are many cancer
cells that have become resistant to apoptosis due to
mutations in their genetics and epigenetics.
Necroptosis can be defined as a particular form of
programmed cell death. Under certain circumstances,
necroptosis proves to be an efficient mechanism of
elimination of the apoptosis-resistant cancer cells.
High doses of ascorbic acid (AA) have gained
scholarly attention due to their cytotoxic activity
against cancerous cells. In prior research, including
our own study, it was shown that pharmacological
levels of AA cause cell death via apoptosis and
suppression of angiogenesis-related signalling in HT-
29 CRC cells. Nonetheless, the role of necroptosis-
related pathways in the antitumor activity of AA is still
poorly studied. Therefore, the current study aimed to
assess the influence of high levels of AA on
necroptosis-related signalling in HT-29 CRC cells.

Methods

The human colon cancer cells (HT-29) were acquired
from the Iranian Biological Resource Center. The cells
were grown in DMEM medium containing high glucose
content along with 10% FBS (fetal bovine serum) and 1%
penicillin-streptomycin solution. Cells were plated in 12-
well plates at a concentration of 3 X 10* cells per well and
left overnight for adhesion. Based on our previous dose-
response results, we decided to use a dose of 5 mM AA
(half of the ICso obtained before) as a treatment dose. Cells
were treated with AA for 3 h and then incubated with fresh
medium for 24 h. The untreated cells were used as controls.
The cell morphological changes were detected using a light
microscope. Apoptosis was evaluated using Annexin V-
FITC/propidium iodide flow cytometry. Lactate
dehydrogenase (LDH) enzyme activity was measured in
cell supernatants as a marker of cell necrosis and
membrane integrity. Extraction of total RNA was
performed using TRIzol reagent. cDNA synthesis was
performed. The quantification of the genes was evaluated
by Real-time PCR. Relative expression levels of the genes
were normalized to the GAPDH gene using the 2-24Ct
method. Statistical analysis was performed by Student’s t-
test, at a p < 0.05 significance level.
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Results

Administration of a high dose of AA caused considerable
changes in the morphology of HT-29 cells. As opposed to
untreated controls, cells under treatment were characterized
by low cellular density, poor colony formation capacity, lack
of cell-cell adhesion, and morphological degradation. Flow
cytometric analysis showed that 94.8% of cells in the control
group retained their viability. However, exposure to 5 mM
AA lowered the viability of cells to 74.8% and resulted in a
considerable increase in cell death. Cells undergoing
treatment exhibited 11.2% primary necrosis, 7.75% late
apoptosis/secondary necrosis, and 6.31% early apoptosis.
LDH activity was found to be significantly higher among the
AA-exposed group relative to the control group (P <
0.0001), indicating increased membrane damage and cell
necrosis. Further examination through gene expression
demonstrated that the necroptosis signalling pathway is
significantly activated as well. Gene expression of RIPK1
was significantly upregulated relative to untreated controls
(P < 0.0001), alongside significant increases in RIPK3 and
MLKL expression (P < 0.001). This concurrent upregulation
of key necroptosis mediators suggests the activation of the
classical RIPK1/RIPK3/MLKL pathway.

Conclusion

The current research shows that the application of high
doses of AA stimulates the RIPK1/RIPK3/MLKL
necroptosis signalling pathway in HT-29 CRC cells. The
changes in morphology, high level of LDH activity, reduced
cell viability, and increased expression of genes related to
necroptosis are all clear evidence that necroptosis
significantly affects the antitumor activity of AA. In other
words, pharmacological AA could be considered a possible
treatment for HT-29 CRC cells, especially those resistant to
apoptosis. However, more research is needed in order to
prove the efficiency of this method.
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